NAMRL  -  «* 


kJ7 

m  ale  copy 


visual  Acurrr  amd  reaction  time  in  navt  fighter  pilots 


A.  Morris  and  P.  V.  Hamilton 


Approvad  for  public  relaasa;  distribution  unlimited. 

42  079 

msssmmmm 


Volunteer  subjects  were  recruited,  evaluated,  and  employed  in 
accordance  with  the  procedures  specified  in  Department  of  Defense  Directive 
3216.2  and  Secretary  of  the  Navy  Instruction  3900.39  series.  Vr\e se 
instructions  are  based  upon  voluntary  informed  consent  and  meet  or  exceed 
the  provisions  of  prevailing  national  and  international  guidelines. 


,v  :,:;tl^GLASSIFIED  . 


'  ‘  -REPORT  DOCUMENTATION  PAGE  | 

1*.  REPORT  SECURITY  CLASSIFICATION 

■  UNCLASSIFIED  ’’  ; 

1b  RESTRICTIVE  MARKINGS 

2a..  SECURITY  CLASSIFICATION  AUTHORITY 

3  .  DISTRIBUTION  /AVAILABILITY  OF  REPORT 

Approved  for  public  release; 
distribution  unlimited. 

2b.  DECLASSIFICATION  /DOWNGRADING  SCHEDULE 

4.  PERFORMING  ORGANIZATION  REPORT  NUMBER(S) 

NAMRL-1324 

S.  MONITORING  ORGANIZATION  REPORT  HUMBERTS) 

6a.  NAME  OF  PERFORMING  ORGANIZATION 
Naval  Aerospace  Medical 

Research  Laboratory 

6b.  OFFICE  SYMBOL 
(If  eppHcabk) 

23 

7*.  NAME  OF  MONITORING  ORGANIZATION 

6c,  ADDRESS  (Gty,  Stitt,  and  ZIP  Code) 

Naval  Air  Station,  Building  1953 

Pensacola,  FL  32508-5700 

76.  AOOftE&SlCKy,  SUM,  end  OP  Code) 

6a.  NAME  OF  FUNDING /SPONSORING 
ORGANIZATION 

NAVMEDRSCHDEVCOM 

6b.  OFFICE  SYMBOL 
(Heffilk* bk) 

9.  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 

A?) 


Naval  Medical  Research  &  Development  Command 
NMC,  National  Capital  Region,  Bethesda,  MD 

20814=5,044 


WQGMM 
ELEMENT  NO 

63706N 


PROJECT 

TASK 

WORK  UNIT 

NO 

NO 

ACCESSION  NO. 

MQ096.01 

1053 

11.  TITLE  (Jndtxfe  Security  Ciastlfiation) 

(U)  Visual  Acuity  and  Reaction  Time  in  Navy  Fighter  Pilots 


12.  PERSONAL  AUTHOR(S) 

A.  Morris,  and  P.  V.  Hamilton 


13a.  TYPE  C'  REPORT 


113b  TIME  COVERED 
PROM  TO 


] 


14  DATE  O*  REPORT  {Ye*.  Month.  0*y) 

1986  December 


15  PAGE  COUNT 

-M _ _ 


16.  SUPPLEMENTARY  NOTATION 


|  17.  COSATI  COOES  fi 

FIELD 

GROUP 

SUB-GROUP  g 

_ 1 

it  SUBJECT  TERMS  (GMNmw  on  wmw  H  tmeutry  and  identify  by  block  number} 
Visual  acuity,  reaction  time,  pilots,  contrast,  glare, 
detection,  age 


.S? 


19.  ABSTRACT  (Co nNnua  on  nwiM  Ct  Mtawy  and  NNnM fg  by  Mac*  mmbet) 

his  report  summarizes  data  on  selected  visual  measures  for  Navy  fighter  pilots.  The  vision 
of  163  pilots  was  measured  using  an  Automated  Vision  Test  Battery  housed  in  a  Mobile  Field 
Laboratory.  All  pilots  were  involved  in  training  at  the  Tactical  Air  Combat  Training  System 
(TACTS)  range,  NAS  Oceana,  VA.  Data  on  simple  visual  reaction  time,  spot  detection  ability, 
static  visual-vacuity  under  several  conditions  are  reported,  and  the  influences  of  age  and 
spectacles  on  vision  arc  examined.  The  average  high  contrast  acuity  score  was  0.40  minutes 
of  viaual  angle,  or  V20/8  Snellen;  no  pilot  had  worse  than  20/15  acuity,  These  findings,  to¬ 
gether  with  other  data,  suggest  that  Navy  fighter  pilots  have  better  vision  than  non-aviators 
of  the  same  age,  and  possibly  better  vision  than  Student  Naval  Aviators.  Correlational  a- 
nalyse*  suggest  that  acuity  threshold,  simple  visual  reaction  time,  and  thresholds  stressed 
react! m  time,  are  independent  measures  of  visual  functioning.  Spectacled  pilots/ had  poorer 
vision  than  non-spcctacled  pilots,  and  older  pilots  tended  to  have  poorer  vision  [than  younger 
pilots. 


20  DISTRIBUTION  <  AVAILABILITY  Of  ATTRACT 
OUNCLASSIflEORJNUMITED  □  SAME  AS  «P1 
22*  NAME  Of  RESPONSjSlE  MJDWIOUAL 
J.O. HOUGHTON,  CAPTAIN  MC  USN 


□  OT*.  USERS 


21  ABSTRACT  SECURITY  CLASSIFICATION 
UNCLASSIFIED 


22b  TELEPHONE  (Include  Art*  Code) 

904-452-1286 _ 


DO  FORM  1473.  M  mar 


22c.  Q^FICE  SYMBOL 


63  APR  adttion  m*y  b*  utad  until  «xhau*t*d 
AH  oth*f  triitvom  tit  obtoM* 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 


*U«.  OownMum  itrlrtin,  Offlw  1MS-A07M7 
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THE  PROBLEM 

Establishment  of  per  for  nance- based  biomedical  standards  for  each  avia¬ 
tion  community  requires  acquisition  of  sufficient  data  on  physiological  and 
psychophysical  characteristics,  as  well  as  flight  performance*  to  allow 
determination  of  how  these  characteristics  influence  flying  performance. 
Many  piloting  tasks  depend  heavily  on  vision,  so  accurate  vision  data  for 
each  aviation  community  are  needed  to  develop  valid  performance-based 
visual  standards. 


THE  FINDINGS 

This  report  summarizes  data  on  selected  visual  measures  for  Navy 
fighter  pilots.  The  vision  of  163  pilots  was  measured  using  an  Automated 
Vision  Test  Battery  housed  in  a  Mobile  Field  Laboratory.  Ail  pilots  were 
involved  in  training  at  the  Tactical  Air  Combat  Training  System  (TACTS) 
range,  NAS  Oceana,  VA.  Data  on  simple  visual  reaction  time,  spot  detection 
ability,  and  static  visual  acuity  under  several  conditions  are  reported, 
and  the  influences  of  age  ana  spectacles  on  vision  are  examined.  The 
average  high  contrast  acuity  score  was  0.40  minutes  of  visual  angle,  or 
20/8  Snellen;  no  pilot  had  worse  than  20A5  acuity.  These  findings,  to¬ 
gether  with  other  data,  suggest  that  Navy  fighter  pilots  have  better  vision 
than  non-aviators  of  the  same  age,  and  possibly  better  vision  than  student 
naval  aviators.  Correlational  analyses  suggest  that  acuity  threshold, 
simple  visual  reaction  time,  and  threshold-stressed  reaction  time  are 
independent  measures  of  visual  functioning.  Spectacled  pilots  had  poorer 
vision  than  non-spectacled  pilots,  and  older  pilots  tended  to  have  poorer 
vision  than  younger  pilots. 

■4 

RECOMMENDATIONS 

1.  To  evaluate  the  uniqueness  of  the  vision  of  this  group  of  fighter 
pilots,  the  visual  acuity  of  a  comparison  group  of  applicants  to  the  naval 
aviation  training  program  should  be  measured  quantitatively  before 
screening  and/or  disqualification  on  the  basis  of  any  aspect  of  the 
physical  exam. 

2.  Population  samples  drawn  from  other  aviation  communities  should  be 
tested  to  determine  if  there  are  significant  differences  in  visual 
performance  related  to  critical  task  requirements. 

3.  To  increase  our  knowledge  of  age-related  changes  in  fighter 
pilots'  vision,  follow-up  retesting  of  the  original  group  of  subiects 
should  be  performed  where  possible. 

4.  If  flying  with  prescribe,!  glasses  is  to  be  permitted,  it  is 
essential  to  determine  whether  the  standard  clinical  procedure  of  under 
correction  of  myopia  is  a  factor  affecting  the  visual  resolution  of  pilots 
wearing  glasses  where  optimal  acuity  is  required. 
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INTRODUCTION 


The  development  and  implementation  of  performance-based  biomedical 
standards  for  selection  and  retention  of  military  aircrew  members  is  a 
current  Navy  requirement.  Establishment  of  such  standards  requires  acquisi¬ 
tion  of  extensive  data  on  physiological,  psychophysical,  and  flight  per¬ 
formance  measures,  as  well  as  determination  of  which  physiological  and/or 
psychophysical  measures,  individually  or  in  concert,  can  be  used  as  signif¬ 
icant  predictors  of  flying  performance. 

Critical  visual  requirements  vary  somewhat  among  different  flying 
tasks  and  aviation  communities  (Goodson,  1974).  A  long-term  research  and 
development  program  at  the  Naval  Aerospace  Medical  Research  laboratory 
(NAMRL)  has  been  directed  toward  development  of  a  battery  of  vision  tests 
and  measures,  which  allows  sensitive  assessment  of  many  aspects  of  vision 
(Morris  and  Goodson,  1983a;  Molina,  1983,  1984).  Appropriate  tests  select¬ 
ed  from  Idle  overall  Vision  Test  Battery  may  provide  a  series  of  tests 
tailored  to  a  specific  flying  task  or  aviation  community.  The  overall 
Vision  Test  Battery  was  duplicated  in  a  Mobile  Field  Laboratory  (MFL)  for 
the  collection  of  data  for  operational  validation  at  remote  locations. 

Navy  fighter  pilots  are  faced  with  the  most  demanding  tasks  of  any 
military  pilots.  In  addition  to  efficiently  operating  a  complex  aircraft 
capable  of  supersonic  speeds,  Navy  fighter  pilots  must  operate  sophisti¬ 
cated  avionics  and  weapons  systems;  they  must  perform  complex  and  physio- 
logically-stressful  air  combat  maneuvers  (ACM);  and  they  must  land  safely 
on  movin«  aircraft  carriers  at  night.  A  number  of  critical  visual  tasks 
are  associated  with  this  job.  Accurate  measurement  of  the  visual  charac¬ 
teristics  of  Navy  fighter  pilots  will  provide  a  data  base  for  the  develop¬ 
ment  of  visual  standards  for  this  community. 

To  develop  performance-based  visual  standards  for  Navy  fighter  pilots, 
the  overall  Vision  Test  Battery  was  systematically  evaluated,  and  a  series 
of  tests  appropriate  to  that  aviation  community  was  selected  (Monaco  et 
al.,  1985).  The  MFL  was  used  to  administer  the  selected  series  of  tests  to 
tactical  fighter  pilots  attached  to  Fighter  Wing  ONE,  NAS  Oceana,  Virginia. 
Various  measures  of  performance  in  fiCM  training  were  obtained  concurrently 
for  each  pilot,  as  were  data  on  night  carrier  larding  performance,  personal 
history,  and  flying  experience.  Preliminary  analyses  of  relationships 
between  visual  capabilities  and  flying  performance  have  been  reported 
(Monaco  and  Hamilton,  1984,  1985;  Morris  at  al.,  1985). 

This  present  report  provides  a  descriptive  summary  of  selected  visual 
capabilities  of  successful  Navy  fighter  pilots.  Statistics  on  visual 
reaction  time,  spot  detection  ability,  and  static  visual  acuity  of  success¬ 
ful  Navy  fighter  pilots  are  included.  Other  measures  recorded  for  the  same 
pilot  population  include:  dynamic  visual  acuity,  contrast  sensitivity, 
dark  focus  state,  lateral  movement  detection,  accommodative  flexibility, 
and  effects  of  helmet  visor  usaae  on  acuity. 
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SUBJECTS 


One  hundred  and  sixty-three  Navy  pilots  were  studied.  All  were  at¬ 
tached  to  Fighter  Wing  ONE,  NAS  Oceana,  Virginia.  Eighteen  of  the  pilots 
flew  F-4,  F-5,  or  A- 4  aircraft  and  served  as  the  adversary  squadron  on  the 
Tactical  Air  Combat  Training  System  (TACTS)  range.  The  remaining  145 
pilots  flew  F-14  aircraft  and  were  drawn  from  13  operational  squadrons. 

All  of  the  subjects  were  male,  and  all  but  one  were  Caucasian.  Their  ages 
ranged  from  24  to  44  years,  with  a  mean  age  of  30.?,  years  (SD  3  4.1).  The 
age  distribution  is  shown  in  Figure  1.  Twenty  of  the  163  pilots  were 
wearing  prescription  s\*»ctacles  when  flying  during  the  day,  and  these  20 
pilots  were  tested  wearing  their  spectacles. 


VISION  TESTS  AND  EXPERIMENTAL  PROCEDURES 

Vision  tests  were  administered  in  a  Mobile  Field  Laboratory  consisting 
of  two  trailers  located  at  NAS  Oceana.  One  trailer  housed  the  Automated 
Vision  Ttest  Battery  (AVTB)  and  contrast  sensitivity  test  device,  and  the 
other  housed  the  dynamic  visual  acuity  and  dark  focus  test  devices.  The 
optical  projectors  and  other  test  equipment  were  controlled  by  microproces¬ 
sors.  Details  of  the  vision  test  hardware  are  presented  elsewhere  (Morris 
and  Goodson,  1983a?  Molina,  1983,  1984). 

The  complete  Vision  Test  Battery  program  required  over  3  hours  for 
each  subject.  Selected  tests  included  in  this  report  had  the  following 
features  in  common: 

1.  Tests  involved  binocular  vision  with  the  subject's  eye  position 
fixed  through  use  of  a  chin/brov  test. 

2.  The  background  screen  luminance  was  343  cd/m2  (100  ft-L). 

3.  All  tests  involved  a  flat  screen  at  a  far  distance  (5.5  m)  and  a 
fixation  pattern  to  locate  the  centrally  presented  targets. 

4.  The  test  target  for  all  acuity  tests  was  the  Landolt-C,  with  a  gao 
width  one-fifth  of  the  letter  height.  The  gap  was  presented  in  one  of  four 
orientations:  up,  right,  down,  or  left. 

5.  Every  test  began  with  10  practice  trials. 

6.  Except  for  the  visual  reaction  time  test,  10  threshold  estimates 
were  obtained  using  the  staircase  (up-down)  psychophysical  method,  requir¬ 
ing  from  40  to  80  test  trials. 

7.  Forced-choice  responses  were  registered  with  a  joystick.  The 
subject's  choice  of  gap  orientation  and  his  reaction  time  were  recorded  for 
each  trial- 

8.  Stimulus  sizes  were  specified  in  minutes  of  visual  angle  (mva),  and 
target  exposure  time  was  3  seconds. 


Additioiial  details  concerning  these  vision  tests  are  described  briefly 
below.  Further  test  details  are  available  in  Morris  and  Goodson  (1983b) 
and  Monaco  et  al.  (1985). 

Visual  Reaction  Time  -  This  test  required  the  subject  to  press  the  joystick 
immediately  at  the  appearance  of  a  syprathreshold  spot  target  (2  mva  diame¬ 
ter).  Target  luminance  was  686  cd/rir,  thus  giving  a  target-to-background 
contrast  ratio  of  +1.0,  or  100%.  The  mean  and  standard  deviation  (sec)  of 
the  reaction  time  were  computed  for  20  test  trials.  This  test  was 
performed  only  on  the  last  62  F-14  pilots. 

Spot  Detection  Ability  -  This  test  required  the  subject  to  indicate  detec¬ 
tion  of  a  spot  target  which  contrasted  100%  with  the  background,  and  which 
was  varied  in  size  (and  hence  angular  subtense)  between  trials  to  control 
its  visibility.  The  mean  and  standard  deviation  (mva)  of  the  10  threshold 
estimates  were  computed,  along  with  the  mean  reaction  time  (sec)  for  the  10 
correct-response  trials  associated  with  the  10  threshold  estimates.  This 
is  referred  to  as  the  "threshold-stressed  reaction  cime." 

Static  Acuity,  High  Contrast  -  This  test  required  the  subject  to  indicate 
the  gap  orientation  of  a  Landolt-C,  which  was  varied  in  size  between 
trials,  and  which  contrasted  100%  with  the  background.  The  mean  and  stan¬ 
dard  deviation  (mva)  of  the  10  threshold  estimates  were  computed,  along 
with  the  mean  threshold-stressed  reaction  time. 

Static  Acuity,  Low  Contrast  -  This  test  required  the  subject  to  indicate 
the  gap  orientation  of  a  Landolt-C,  which  was  varied  in  size  between 
trials.  The  luminance  of  the  Landolt-C  was  377  cd/m,  thus  giving  a 
target-to-background  contrast  ratio  of  +0.1,  or  10%.  The  mean  and  standard 
deviation  (mva)  of  the  10  threshold  estimates  were  computed,  along  with  the 
mean  threshold-stressed  reaction  time. 

Static  Acuity,  Low  Contrast  With  Glare  -  This  test  required  the  subject  to 
indicate  the  gap  orientation  of  a  Landolt-C,  which  was  varied  in  size 
between  trials,  and  which  contrasted  10%  with  the  background.  A  glare 
source  was  positioned  between  the  target  screen  and  the  subject,  just  below 
his  line  of  sight,  and  directed  toward  him  (i.e.,  away  from  the  target 
screen).  This  veiling  glare  source  produced  a  luminance  of  about  2800 
cd/nr  at  the  subject's  eye  position.  The  target  and  background  luminances 
and  the  contrast  ratio  were  not  changed.  The  mean  and  standard  deviation 
(mva)  of  the  10  threshold  estimates  were  computed,  along  with  the  mean 
threshold-stressed  reaction  time.  This  was  the  last  test  administered  to 
each  subject,  so  the  glare  recovery  process  did  not  influence  results  from 
other  tests. 

All  data  were  stored  at  a  mainframe  computer  facility  and  manipulated 
and  analyzed  using  the  Statistical  Analysis  System  (SAS).  The  significance 
level  applied  in  all  statistical  tests  was  0.05. 


RESULTS 

The  visual  reaction  time  test  required  subjects  to  respond  by  pressing 
the  joystick  at  the  appearance  of  a  supra-threshold  spot  stimulus.  Th_ 
time  required  for  central  processing  and  interpretation  of  visual  informa- 


tiori  should  have  been  at  a  minimum  in  this  test,  as  only  one  signal  and  one 
choice  were  involved*  Thus,  a  pilot's  simple  reaction  time  value  should 
approximate  the  minimum  time  he  required  to  detect  the  stimulus  energy  and 
to  accomplish  the  appropriate  motor  pattern.  The  distribution  of  simple 
reaction  times  for  62  pilots  is  shown  in  Figure  2.  Simple  reaction  times 
ranged  from  143  to  461  msec,  with  a  mean  of  223  msec  (SD  *  0.055). 

In  order  to  assess  individual  differences  in  speed  of  response  for  the 
various  visual  threshold  tests,  an  adjusted  variable  was  derived,  The 
simple  reaction  time  value  for  each  pilot  was  subtracted  from  his  thresh¬ 
old-stressed  reaction  times  for  vision  tests  involving  greater  demands  of 
the  central  and  peripheral  nervous  system.  These  calculated  variables  are 
termed  'adjusted  threshold-stressed  reaction  times.' 

Table  1  shows  the  visual  thresholds,  threshold-stressed  reaction 
times,  and  adjusted  threshold-stressed  reaction  times  for  spot  detection 
ability  and  visual  acuity  under  different  viewing  conditions,  for  the  Navy 
fighter  pilots  studied.  The  threshold  for  the  spot  detection  test  was 
based  on  the  spot  diameter,  while  the  thresholds  for  the  acuity  te&cs  were 
based  on  the  size  of  the  gap  in  the  Landolt-C.  The  threshold  mean  for  the 
spot  detection  was  significantly  different  from  the  threshold  mean  for  the 
acuity  at  high  contrast  (Student's  t  *  6.95,  p  <  .6001).  Acuity  thresholds 
and  reaction  times  progressively  increased  with  reduced  contrast  and  with 
the  presence  of  glare.  The  mean  acuity  at  100%  contrast  (0.40  mva,  20/8 
Snellen)  approximately  doubled  (0.806  mva,  2Z/1&  Snellen)  when  contrast  was 
reduced  to  3.0%,  and  increased  approximately  one-third  again  (1.042  mva, 
20/20  Snellen)  when  glare  illumination  was  added.  Frequency  distributions 
for  acuity  threshold  means  and  the  two  reaction  time  measures  are  shown  in 
Figure  3  for  the  different  viewing  conditions.  The  curves  in  Figure  3  were 
obtained  by  rounding  off  acuity  (to  0.05  of  log-10  mva)  and  reaction  time 
(to  0.15  sec)  values,  by  computing  the  frequency  of  occurrence  for  each 
rounded  valuef  by  computing  4th-order  polynomials  to  fit  the  points  de¬ 
scribed  by  the  frequencies  and  the  rounded  values,  and  by  plotting  the 
central  peaks  of  these  polynomial  functions.  None  of  the  163  pilots  had  a 
high  contrast  acuity  score  worse  than  0.718  mva,  which  is  approximately 
equivalent  to  20/15  Snellen  acuity. 

Pilot  acuity  was  tested  under  high  contrast,  low  contrast,  and  low 
contrast  with  glare  conditions.  Decrements  in  acuity  threshold  due  to 
reduced  contrast  (threshold  at  high  contrast  minus  threshold  at  low  con¬ 
trast)  and  decrements  in  acuity  threshold  due  to  glare  (threshold  at  low 
contrast  minus  threshold  at  low  contrast  with  glare)  were  computed.  Dis¬ 
tributions  for  these  acuity  decrement  variables  are  shown  in  Figure  4.  The 
mean  decrement  in  acuity  due  Lo  reduced  contrast  was  -0.41  mva  (range: 

-0.11  to  -L31),  while  the  mean  decrement  in  acuity  due  to  the  presence  of 
glare  was  -0.24  mva  (range:  +0.33  to  -1.48).  In  both  cases,  the  mean 
acuity  decrement  values  were  significantly  different  from  0  (Student's 
t  >  3.3.4,  £  <  0,001).  While  none  of  the  163  pilots  exhibited  improved 
acuity  with  reduced  contrast,  15  pilots  (9%)  exhibited  improve3  acuity  when 
glare  illumination  was  added.  These  15  pilots  did  not  appear  distinguished 
in  any  other  vision  measure,  although  they  averaged  2  years  younger  than 
the  other  pilots. 
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A  correlation  matrix  of  the  threshold  values  from  the  various  vision 
tests  (Table  2)  indicates  that  the  thresholds  of  the  four  vision  tests 
have  significant  positive  correlations  among  themselvss.  A  correlation 
matrix  of  reaction  time  values  (Table  3)  indicates  that  simple  visual 
reaction  time  Is  not  significantly  correlated  with  any  of  the  other  reac¬ 
tion  times,  but  that  the  threshold-stressed  reaction  times  of  the  four 
vision  tests  have  significant  positive  correlations  among  themselves. 

The  various  correlations  between  pilot  age  and  visual  capability  are 
summarized  in  Table  4.  These  correlations  indicate  that,  as  age  in¬ 
creased,  simple  visual  reaction  time  was  significantly  slower;  spot  detec¬ 
tion  ability,  high  contrast  acuity,  and  low  contrast  acuity  with  glare  were 
significantly  poorer;  and  high  contrast  acuity  thresholds  were  signif¬ 
icantly  less  consistent.  In  contrast,  reaction  times  at  threshold  levels 
for  spot  detection  and  high  contrast  acuity  tests  were  significantly  faster 
as  age  increased.  In  addition  to  these  statistically  significant  correla¬ 
tions,  ion-significant  (£  >  0.05)  positive  correlation  existed  between 
age  ai  reshold  for  the  other  vision  test  (low  contrast  acuity  without 
glare) . 

Twenty  of  the  163  pilots  wore  authorized  prescription  spectacles  when 
flying  during  the  day.  When  compared  to  spectacled  pilots,  non-spectacled 
pilots  had  significantly  better  spot  detection  ability  and  significantly 
greater  threshold  consistency  for  low  contrast  acuity  without  glare  (Table 
5).  In  addition  to  these  statistically  significant  differences,  non- 
spectacled  pilots  had  better  acuity  under  high  contrast  and  low  contrast 
(with  and  without  glare)  conditions,  than  spectacled  pilots;  however,  the 
differences  were  not  statistically  significant.  Spectacled  pilots  were 
significantly  older  than  non-spectacled  pilots  (mean  ages  *  32.5  and  29.9 
years,  respectively;  Student's  t  *  2.6 6 k  £  *  0.0086). 


DISCUSSION 

The  acuity  and  reaction  time  data  presented  here  are  for  a  distinct 
and  highly  selected  population,  Navy  fighter  pilots.  Some  of  the  vision 
test  variables  reported  in  this  study  are  new,  and  data  based  on  a  general 
subject  population  are  unavailable  for  comparison.  This  is  not  true, 
however,,  for  simple  visual  reaction  time,  some  of  the  acuity  measures,  and 
for  the  spot  detection  measure. 

The  mean  threshold  values  for  high  contrast  acuity  presented  here  for 
Navy  fighter  pilots  are  significantly  lower  (better)  than  corresponding 
values  reported  for  the  general  population.  Furthermore,  analysis  of  other 
vision  data  on  these  same  pilots  indicates  that  their  accommodative  status 
in  the  dark  (dark  focus)  is  significantly  less  myopic  than  a  population  of 
college  students  (Temme  et  al.,  in  review). 

Identification  of  factors  responsible  for  these  differences  must  be 
done  cautiously,  as  several  explanations  could  apply.  The  first  determina¬ 
tion  to  be  made  is  whether  or  not  the  differences  are  real,  or  whether  they 
are  due  to  differences  in  equipment  or  procedure.  If  the  differences  are 
found  to  be  real,  then  the  second  determination  to  oe  made  is  whether  or 
not  the  visual  capabilities  of  successful  fighter  pilots  are  significantly 
better  than  those  of  Student  Naval  Aviators  (SNAs)  (i.e.,  whether  or  not 


fighter  pilots  are  visually  a  non-random  sample  of  all  individuals  who 
apply  to  enter  Navy  flight  training).  If  fighter  pilots  are  found  to 
possess  significantly  better  vision  than  the  average  SNA,  then  the  rhird 
determination  to  be  made  is  whether  their  better  vision  is  the  result  of 
selection  (e.g.,  only  those  SNAs  with  unusually  good  vision  may  end  up 
being  assigned  to  the  fighter  pipeline)  or  experience  (e.g.,  flying 
cockpit-type  aircraft  may  lead  to  improved  vision). 

Examination  of  available  data  on  acuity  at  high  contrast  suggests  that 
Navy  fighter  pilots  may  indeed  have  better  acuity  than  the  general  popula¬ 
tion.  If  one  assumes  that  a  frequency  distribution  for  the  scores  (log 
scale)  from  high  contrast  acuity  tests  of  the  general  population  is  nor¬ 
mally  distributed  with  a  mean  of  about  20/22  Snellen  or  1  mva  (Figure  5A), 
then  a  frequency  distribution  for  similar  values  after  applying  a  selection 
criterion  that  excluded  those  with  worse  than  20/',0  acuity  should  look  like 
the  left  half  of  a  normal  distribution  (Figure  5B).  The  Naval  Aerospace 
Medical  Institute  (NAMI)  applies  this  20/20  criterion  during  entry  physical 
examinations,  so  if  the  vision  of  Navy  fighter  pilots  is  not  significantly 
different  than  that  of  SNAs  who  pass  NAMI's  examination,  the  frequency 
distribution  of  the  high  contrast  acuity  scores  for  the  fighter  pilots 
should  appear  abruptly  truncated  at  1  mva,  like  Figure  5B. 

Instead,  the  actual  frequency  distribution  for  fighter  pilots  appears 
bell-shaped,  or  normal  (see  left  curve  in  Figure  3A).  The  Kolmogorov- 
Smirnov  goodness-of-fit  test  finds  the  frequency  distribution  of  high 
contrast  acuity  thresholds  (log  scale)  for  the  fighter  pilots  not  signif¬ 
icantly  different  from  normal  (D  =  0.099,  n  ®  163).  One  might  speculate 
that  the  poorer  acuity  of  older  pilots  or  of  spectacled  pilots  might  be 
responsible  for  shifting  an  otherwise  abruptly  truncated  frequency  distri¬ 
bution  (skewed  toward  low  threshold  values)  into  a  seemingly  normal  distri¬ 
bution.  However,  the  frequency  distributions  of  high  contrast  acuity 
scores  are  not  significantly  different  from  normal  for  younger-than-average 
pilots  (D  =  0.110,  n  =  105)  or  for  non-spectacled  pilots  (D  =  0.095,  n  = 
143),  according  to  Kolmogorov-Smirnov  goodness-of-fit  tests.  These  com¬ 
parisons  suggest  that  the  high  contrast  acuity  scores  of  these  fighter 
pilots  are  not.  a  random  sample  of  the  scores  of  all  SNAs  who  pass  NAMI's 
physical  examination  (Figure  5C). 

A  frequency  distribution  of  binocular  acuity  data  obtained  using  a 
wall  chart  for  250  World  War  II  combat  and  patrol  pilots  (Imus,  1947)  also 
does  not  appear  abruptly  truncated  at  20/22  Snellen,  bet  rather  tails  off 
toward  20/20  from  a  mean  of  about  20/13  Snellen.  About  94%  of  these  pilots 
had  22/15  or  hotter  acuity.  Also,  frequency  distributions  of  acuity  data 
obtained  with  the  Armed  Forces  Vision  Tester  (AFVT)  for  377  military  air- 
crewmen  (Erickson  and  Burge,  1968,  1969)  are  abruptly  truncated  at  20/12 
(the  best  acuity  that  the  AFVT  can  measure),  and  tail  off  toward  20/20. 

Over  90%  of  these  subjects  had  20/15  or  better  acuity. 

This  analysis  suggests  an  approach  for  further  research.  The  same 
equipment  and  procedures  should  be  used  in  a  controlled  study  designed  to 
compare  the  visual  capabilities  of  Navy  fighter  pilots,  SNAs,  and  a  non¬ 
military  population.  Such  a  study  would  determine  whether  or  not  the 
visual  differences  discussed  above  are  real.  Also,  if  real  differences 
exist,  such  a  study  would  answer  the  question  pf  whether  differences  al¬ 
ready  exist  upon  entering  flight  training,  or  whether  some  post-entry 


process  of  selection  or  experience  is  involved.  An  alternate  approach 
would  be  to  assume  that  the  differences  in  vision  are  real,  and  that 
successful  fighter  pilots  are  visually  distinguished  upon  entering  the 
Navy.  Theoretically,  the  validity  of  this  assumption  could  be  tested  by 
retrospective  analysis  of  the  medical  records  of  successful  fighter  pilots 
and  their  classmates,  during  the  early  stages  of  flight  training.  In 
reality,  however,  the  traditional  clinical  records  of  acuity  are  insuffi¬ 
ciently  detailed  to  do  this. 

The  results  of  the  proposed  research  could  have  a  major  impact  on  the 
operation  of  the  Navy’s  pilot  training  program.  If  successful  fighter 
pilots  have  better  vision  than  average  SNAs,  then  even  greater  attention  to 
vision  measures  would  seen  appropriate  when  making  recruitment  guarantees 
and  pipeline  assignments.  Also,  if  successful  fighter  pilots  have  better 
vision  than  average  SNAs,  then  the  details  of  how  they  (as  a  group)  end  up 
with  distinguished  vision  need  to  be  understood.  If  a  selection  process  is 
involved,  it  may  be  possible  to  accomplish  this  more  quickly  and  economi¬ 
cally  than  through  the  current  training  program.  If  experience  is  in¬ 
volved,  it  raey  be  possible  to  enhance  its  effect  on  vision. 

Pew  Ox.  the  remaining  vision  variables  can  be  compared  to  large-sample 
published  data.  Blackwell's  '1946)  psychophysical  data  show  that,  at  100 
ft-L  background  luminance,  the  threshold  size  of  a  spot  target  having  the 
same  contrast  as  we  employed  (100%  brighter  than  background)  is  about  0.45 
mva  (extrapolated  from  chart).  The  threshold  mean  for  the  spot  detection 
ability  of  the  Navy  fighter  pilots  is  0.46  mva.  The  mean  simple  visual 
reaction  time  reported  here  for  Navy  fighter  pilots  (223  msec)  is  in  the 
range  reported  in  other  studies  involving  visual  stimuli  (Brebner  and 
Welford,  1980),  No  direct  comparisons  are  possible  between  our  unadjusted 
and  adjusted  threshold-stressed  reaction  time  variables  and  large  sample 
norms. 

The  improved  acuity  demonstrated  by  9%  of  the  pilots  taking  the  low 
contrast  acuity  test  under  glare  conditions  (as  compared  to  non-glare 
conditions)  is  unexplained.  The  high  correlation  coefficients  in  Table  II 
indicate  that  a  pilot's  rank  position  in  the  distribution  of  the  group's 
scores  did  not  change  significantly  across  acuity  tests  under  high  con¬ 
trast,  low  contrast,  and  low  contrast-with-glare  conditions.  The  absence 
of  a  significant  correlation  between  simple  visual  reaction  time  and  any  of 
the  threshold-stressed  reaction  times  indicates  that  simple  reaction  time 
and  threshold-stressed  reaction  time  are  independent  measures  of  visual 
functioning  (Table  3). 

Although  the  pilots  described  here  were  relatively  young  (mean  age  * 
30.2  years),  and  their  age  range  was  only  20  years,  pilot  age  was  still 
found  to  be  related  to  numerous  vision  measures  (Table  IV).  Older  pilots 
had  higher  thresholds  (poorer  vision)  than  younger  pilots  for  all  vision 
tests,  and  the  correlation  between  age  and  threshold  was  significant  in 
three  tests  (spot  detection  ability,  high  contrast  acuity,  low  contrast 
acuity  with  glare).  A  reduction  in  acuity  with  increased  aye  is  well  known 
for  the  general  population  (e.g.,  Allen  and  Vos,  1967).  The  relationships 
between  reaction  time  variables  and  age  are  less  clear.  The  simple  reac¬ 
tion  time  for  the  suprathreshold  spot  target  got  significantly  longer  with 


increased  age,  which  is  a  frequently  documented  result  (Welford,  1980).  It 
is  unclear,  however,  why  the  threshold  stressed  reaction  tiroes  for  several 
tests  became  significantly  shorter  with  increased  age  for  these  pilots. 

■t  • 

After  the  training  phase  of  their  careers,  jurrent  Navy  policy  allows 
pilots  whose  acuity  degrades  beyond  20/20  limits  to  continue  flying  if 
vision  is  correctable  to  20/20  by  wearing  prescription  spectacles.  Also, 
due  to  a  change  in  regulations,  some  naval  flight  officers  who  always 
needed  spectacles  for  20/20  acuity  have  subsequently  been  trained  as 
pilots.  As  a  group,  the  20  pilots  in  this  study  who  wore  prescription 
spectacles  had  uniformly  poorer  vision  than  the  143  non- spectacled  pilots, 
and  for  two  vision  measures,  the  differences  were  statistically  significant 
(Table  5).  Spectacled  pilots  were  also  significantly  older  than  non- 
spectacled  pilots.  'She  difference  in  visual  capabilities  between  the  two 
groups  may  be  due  to  the  facts  that  individuals  requiring  spectacles  are 
often  corrected  only  to  20/20,  and  spectacles  are  usually  prescribed  in 
0.25-diopter  increments.  The  vision  of  most  spectacle  wearers  would  be 
improved  with  a  more  precise  and  optimal  correction.  If  the  spectacled 
pilots  in  our  study  had  been  optimally  corrected,  their  vision  might  have 
been  as  good  as  non- spectacled  oilots.  Nevertheless,  these  results  suggest 
that  the  spectacle-wearing  pilots  nay  perform  less  well  on  visually  depend¬ 
ent  flying  tasks  than  pilots  not  wearing  spectacles.  The  recently  approved 
admission  of  SNAs  with  aviation  vision  waivers  into  the  pilot  community  may 
allow  direct  testing  of  this  hypothesis. 


SUMMARY 

In  summary,  Navy  fighter  pilots  appear  to  have  superior  vision.  Their 
visual  acuity  is  better  than  one  would  expect  either  from  screening  crite¬ 
ria  employed  upon  entrance  to  aviation  training,  or  from  comparison  with 
large  sample  norms.  While  certain  visual  capacities  clearly  decline  with 
increased  age,  the  question  remains  open  as  to  whether  age-related  visual 
decrement  (within  the  range  of  values  encountered  in  this  study)  has  a 
significant  influence  on  performance,  since  the  increase  in  flying  experi¬ 
ence  with  age  may  at  least  partially  compensate  for  visual  decrement.  The 
poorer  visual  capacities  of  spectacled  pilots,  as  compared  to  non- specta¬ 
cled  pilots,  is  more  disturbing,  especially  given  current  proposals  to 
admit  spectacled  individuals  as  SNAs.  For  these  individuals,  poorer  vision 
from  the  start  could  not  be  compensated  for  by  greater  flying  experience. 
Investment  of  time  and  funds  to  optimally  correct  the  refractive  errors  of 
spectacled  SNAs  may  well  be  justified. 


RECOtlENDATIONS 

1.  To  evaluate  the  uniqueness  of  the  vision  of  this  group  of  fighter 
pilots,  the  visual  acuity  of  a  comparison  group  of  applicants  to  the  naval 
aviation  training  program  should  be  measured  quantitatively  before 
screening  and/or  disqualification  on  the  basis  of  any  aspect  of  the 
physical  exam. 


2*  Etopulation  samplea  drawn  from  other  aviation  communities  should  be 
tested  to  determine  if  theses  are  significant  differences  in  visual 
performance  related  to  critical  task  requirements* 

3.  (io  increase  our  knowledge  of  age-related  changes  in  fighter 
pilots’  vision,  follow-up  retesting  of  the  original  group  of  subjects 
should  be  performed  where  possible. 

4.  If  flying  with  prescribed  glasses  is  to  be  permitted,  it  is 
essential  to  determine  whether  the  standard  clinical  procedure  of  under 
correction  of  myopia  is  a  factor  affecting  the  visual  resolution  of  pilots 
wearing  glasses  where  optimal  acuity  is  required. 
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Table  3.  Correlation  Matrix  for  Simple  Reaction  Time  and  Threshold  Stressed 
Reaction  Times.  Data  in  Efcdh  Cell  axe  Arranged  ass  Rearson 
Coe£ flcTent/sIgni f icance  Ftobability/Ruraber  of  Observations. 


Test 

A 

B 

C 

D 

E 

Simple 

A 

>0.0614 

-0.1145 

-0.0314 

-0.1869 

Reaction 

0.6355 

0.3757 

0.6085 

0.1416 

Time 

62 

62 

62 

62 

Spot 

B 

— 

0.3075 

0.5005 

0.3721 

Detection 

0.0001 

0.0001 

0.0001 

Ability 

163 

163 

163 

Acuity,  High 

C 

0.7279 

0.4229 

Contrast 

0.0001 

0.0001 

163 

163 

Acuity,  Low 

D 

- 

0.5245 

Contrast 

0.0001 

163 

Acuity,  Low 

E 

— 

Contrast 
w/  Glare 

♦ 

Table  4*  vision  Measures  Significantly  Correlated  with  Age. 


Vision  Measure 

Pearson  r 

Significance  Prob. 

Simple  reaction  time, 
mean 

.3961 

.0014 

Spot  detection  ability, 
threshold  mean 

.2390 

.0021 

Spot  detection  ability, 
threshold-stressed 
reaction  time 

-.1600 

.0414 

Spot  detection  ability, 
adjusted  threshold- 
stressed  reaction  time 

-.2487 

.0512 

High  contrast  acuity, 
threshold  mean 

.1581 

.0439 

High  contrast  acuity, 
threshold  consistency 
(standard  deviation,' 

.1635 

.0370 

High  contrast  acuity, 
threshold-stressed 
reaction  time 

-.1760 

.0246 

Low  contrast  acuity, 
with  glare, 
threshold  mean 

.1647 

.0356 

Table  5.  Vision  Measures  Having  Significantly  Different  Values  Between  Pilots 
Not  Wearing  Prescription  Spectacles  (n  =  143)  and  Pilots  wearing 
Prescription  Spectacles  (n  -  20) .  *“• 


Mean  for 
Non-spectacled 
Pilots 


Mean  for 
Spectacled 
Pilots 


Diff 


Vision  Measure 

(mva) 

(mva) 

(mva) 

Spot  detection  ability, 

0.45 

0.49 

0.04 

threshold  mean 

<t - 

2.07,  £  «  W  0398> 

Low  contrast  acuity 

0.15 

0.19 

0.04 

with  glare,  threshold 
consistency  (standard 
deviation) 

<t  = 

2.11,  £  =  0.0361> 

t  *  Student's  t. 

£  »  significance  probability. 
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NUMBER  OF  PILOTS 


70 


Figure  1.  Distribution  of  ages  of  the  163  Navy  pilots  in  this  study. 
Midpoints  of  age  class  intervals  are  indicated.  Ihe  ittean  age  was  30.2 
years. 
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NUMBER  OF  PILOTS 


SIMPLE  VISUAL  REACTION  TME  CSEC) 

Figure  2.  Distribution  of  simple  reaction  time  means  of  62  Navy  pilots  when 
t-pptffd  with  a  supra-threshold  spot  target.  The  group  mean  reaction  time 
was  223  msec  (SD  -  0.055) . 
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THRESHOLD-STRESSED  REACTION  TIME  (mo) 


0.4  0.6  0.8  1.0  1.2  1.4  1.6  1.8  2.0  2.2  2.4  2.6  2.8  3.0 

ADJUSTED  THRESHOLD-STRESSED  REACTION  TNE  Cmc) 

Fiqure  3.  Frequency  distributions  for  static  acuity  thresholds  (A), 
threshold-stressed  reaction  times  (B)r  ahd  adjusted  threshold-stressed 
reaction  times  (C) ,  for  high  contrast  targets  (HIGH) ,  low  contrast  targets 
(LOW) ,  and  low  contrast  targets  with  glare  (GLARE) . 


ACUTY  DECREMENT  (mva) 


ACUITY  DECREMENT  (mva) 


Figure  4,  Distributions  of  decrements  in  static  acuity  threshold  due  to 
reduced  contrast  (A)  and  presence  of  glare  (B) . 
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SNELLEN  ACUITY 


SNELLEN  ACUITY 

Figure  5.  Fypothetical  frequency  distributions  of  scores  for  static  acuity 
tests  at  high  contrast  for  (A)  the  general  population,  (B)  that  sub-set  of 
the  general  population  having  better  than  20/20  Snellen  acuity,  and  (C)  a 
non-random  sample  (shaded  area)  of  that  sub-set  of  the  general  population 
having  better  than  20/20  Snellen  acuity. 
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